| INTRODUCTION
The domestic dog (Canis lupus familiaris) is the main peri-urban reservoir of leishmaniosis in Brazil. 1 This zoonotic disease is caused by
Leishmania infantum (Syn. chagasi), a protozoon transmitted to vertebrate hosts by female sandflies from the Lutzomyia longipalpis species. 2 The progression and severity of canine leishmaniosis (CanL) has been argued to relate both to the infectivity of the parasite and to the immunogenetic profile of the host. 3 Dogs that do not develop clinical disease usually present an effective cellular response characterized by Type 1 immunity, which is presumably mediated by pro-inflammatory cytokines such as interleukin 2 (IL-2), interferon gamma (IFN-γ) and tumour necrosis factor alpha (TNF-α). 4, 5 On the other hand, sick dogs often exhibit predominance of a Type 2 profile, with expression of transforming growth factor beta (TGF-β) and interleukin 10 (IL-10), as well as an exacerbated humoral immune response due to B lymphocyte proliferation. 6 The activation of Toll-like receptors has recently emerged as an important step in determining the type of immune response [7] [8] [9] and therefore may have an impact on the development of the disease.
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| Animals
Mongrel dogs from the CZC ageing from 1 to 10 years were initially divided into 2 categories: (i) the control group (C), comprising 8 dogs from an adoption programme that were negative for both the sero- 
| Diagnosis of CanL

| Gene expression in the skin
Total RNA was extracted from skin samples and stored at −80°C in 
| Xenodiagnosis
Adult sandflies were field-caught by manual aspiration in urban areas of Araçatuba. To facilitate capture, collections were car- 
| Parasite load in sandflies
DNA extraction was performed in individual sandflies using the pro- Figure S1 . An analysis of variance (ANOVA) with a post hoc Tukey's honest significant difference (HSD) test was used to assess differences in -ΔCt between groups. For the genes exhibiting significant differences (P < .05) among groups, we merged MP and HP back to a single parasited group (P) to examine the fold change in expression relative to group C using the 2 −ΔΔCt method. 26 We also applied logistic regression models to the xenodiagnosis data considering a binary response variable encoded as 1 = "infected sandfly"
and 0 = "non-infected sandfly," according to qPCR results. In the first model, we examined the contribution of exposure to infected dogs to the probability of sandfly infection by including an indicator variable assuming values 0 and 1 for control and tested sandflies, respectively. Additionally, we performed a permutation test for differences in prevalence between control and tested sandflies with 10 −6 randomizations of the data. Then, we used data only on tested sandflies to fit skin PL as a covariate in the logistic model to assess the influence of the level of skin parasitism on the probability of sandflies being infected. Prior to this analysis, skin PL was transformed to a log 10 (1 + PL) scale. Finally, we compared the ranks of parasite load of sandflies fed on HP dogs with those that were fed on MP dogs with a Mann-Whitney U test to evaluate whether parasite load in phlebotomines was dependent on parasite load in dogs. All analyses were performed in R v3.3.0 (available at: https://www.r-project.org/). , r IL-10/TLR-2 = .706 (P cor = 1.05 × 10 −5 ) and r TNF-α/ TRL-2 = .678 (P cor = 3.97 × 10 −6 ).
| RESULTS
| Increased load of
| Skin parasitism by Leishmania is positively associated with infectiousness to sandflies
We fitted a logistic regression model to assess the contribution of exposure to infected dogs to the probability of sandflies being infected. This analysis was intended to evaluate whether the xenodiagnosis was capable of increasing prevalence of Leishmania in exposed sandflies in comparison with control sandflies. We found that the odds of sandfly infection were 4.63 times higher (P logit = 7.62 × 10 −22 ) given exposure to infected dogs as compared to no exposure, with a 95% confidence interval of 3.39-6.33. A permutation test for the difference in prevalence between control and tested sandflies was also significant (Figure 2A) , with no larger than observed differences arising by chance in 1 million randomizations of the data (p perm < 10 −6 ). Given that the xenodiagnosis was successful in shifting the prevalence of Leishmania in sandflies, we sought to evaluate the contribution of skin PL to the probability of a sandfly being infected after xenodiagnosis. This analysis revealed that sandflies became significantly (P logit = 0.009) more prone to infection as the dog skin PL increased ( Figure 2B and C, Figure S2 ).
Moreover, phlebotomines exposed to HP dogs had a suggestively higher PL than those exposed to MP dogs (P MW = 0.099), indicating a potential association between skin and phlebotomine PL.
| DISCUSSION
In the present study, we found evidence for upregulation of the immune response genes TLR-2, TNF-α and IL-10 in the skin of dogs naturally affected by CanL. We also found that this upregulation was positively associated with parasite load. Furthermore, elevated skin parasitism significantly increased infectiousness to phlebotomines, supporting the hypothesis that dogs with higher skin PL have a greater potential to spread the disease.
Increased expression of TLR-2 during canine leishmaniosis has been previously found in several tissues, including skin, 28, 29 blood, 30 liver, 29 brain, spleen and lymph node. 31 Here, in addition to a higher relative expression of TLR-2 in affected dogs, we observed a signif- Although TLR-2 is deemed to alter production of NO, 17,18 our data did not support a correlation with changes in expression of iNOS, in agreement with observations made in TLR-2-deficient mice. 22 Of note, TNF-α has also been previously suggested to modulate induction of iNOS, 20,33-35 while IL-10 was reported to have inhibitory effects on the production of the enzyme. 19, 33, 36, 37 As TNF-α (pro-inflammatory) and IL-10 (anti-inflammatory) have putative antagonistic effects on iNOS production, and both transcripts were upregulated in infected dogs in this study, we speculate whether expression of iNOS in infected dogs has not significantly deviated from control levels as a result of an interplay between TNF-α and IL-10.
F I G U R E 2 Xenodiagnosis of field-caught phlebotomines. A, Sandflies subjected to a xenodiagnosis (tested) presented significantly higher prevalence of Leishmania spp. than those fed with honey solution (control), as assessed by a permutation test with one million randomizations of the data. B, A logistic regression analysis revealed that prevalence in phlebotomines exposed to infected dogs was significantly (P = .009) dependent on the parasite load of the skin. C, Sandflies were more prone to infection when exposed to dogs with increased skin parasite load
We found that TLR-2 expression was positively correlated with TNF-α and IL-10. Gatto et al 17 observed similar results in human patients with active visceral leishmaniosis. These results indicate that TLR-2 could be regulating TNF-α and IL-10 in an attempt to combat infection. Chandra and Naik 38 also observed an increased level of IL-10 when cells of patients were stimulated with TLR-2 agonists. These data sustain the involvement of TLR-2 in the skin adaptive response to the parasite and the subsequent production of pro-inflammatory and anti-inflammatory cytokines. As a putative downstream effect, the increase in TNF-α expression may help recruiting cells to the infection site. Indeed, an inflammatory infiltrate with predominance of macrophages was observed in the histological examination of the skin samples (see Figure S3 ).
Our xenodiagnosis analysis revealed an increased risk of sandflies becoming infected when exposed to dogs with increased skin parasite load. An association of dog infectiousness to sandflies with high and to the anonymous Reviewers for their suggestions.
